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WIrD-TUNEEL INVESTIGATION OF AH HACA 25012
AIRFOIL WITH A HANDLEY PLGE SLAT
"AND TWO FiAf*AﬂBANGEHEHTS- T

By Marvin J. Sckhuldenfrel
SULKHARY

"An investligation was maede 1n the 7- by 1l0~foo%t wind
tunnel of an HACA 23012 alrfoll equlipped wlth s Handley
Page slat and & slotted and a spllt flap. The purposs
of tke lnvestlgation was to determine the serodynamic sec~
tion characteristics of thle airfoil wlth and wilthout
flans, as affected by the locatlon of the Handley Page
elat. A rangns of sleot-nose locatlions was investigated
both wlth and without flaps at e conetant slat gep, and
the effact of alat gep was Investizated for the slotted
flap deflect=d 40° The slat mosition for raximum 1ift,
polars for slotted and spllt flaeps for the most favorabdle
slat arrangemcnts for maximum 1lif%, ard complate soction
data for the most favorable slat arrangenents are included,
Contoures of slat-nose location are given for maximum 11ift
cosZflclont, for angle of esttack for maxirum 1ift coeffl-
cicent, anc for drag =snd pitching momonts at solected 11f%
coafficients.

The Handley Pagu slat in its optimum posltion on the
plaln alrfoll increascd the maxiaun sectiorn 1ift .conffl-
clont by 0,52 cnd 1ancreasod tho annlc of attaclk for maxl-
mum 11ft coefficient by about 9° ¥With clther the onllt
or slotted flsp deflccted, thu slat incroased ths maximun
11ft coofficiont of theo airfoil flap combination by about
0.20 and tho zngle of attack for maximum 1ift by adbout 14
In all caros tho drag coorficlont nt a glvon 1ift cooffi-
clont was highcr with tho slat oxtondod than wiltk tho slat
retractod.

IRTRCDUCTION

Sovoral provious invostigatlions by tho WACA and othors
heve shown that an oxtensiblo loading-cdgo dovlieo offers a
falr solution to tho -robloms cncountorod 1an docroasling
landling spcods, which have bocomo incroasingly high es
wing loadingse nrce incroasocd to obtaln groator maxlimum
spocdise. Tho probloam of maintaining latornl control ovor
tho incroansod spood rangoc usually rosolvos 1tsolf into oneo



of maintnilning control at lowv spoods, ospoclally in tho
wrosonco of llft-incroasing dovicos, The usd of high-
11t dovicos bdringe othor assoclatod probloms: 1nerossed
tall load noccsearr for trim, due %tec the roearward cuntor-
of=prossurc treavol with flaps, nnid tho adbrunt drop in 1ift
2t tho s%all oncountcred witih somec nigh-lift dovicus,

The extonribdle leading-efge slat hns two separate ef-
fects that contridvute to the solution of these problems,
Tho slat melntains the air flow over thas top surface of
the zniain wing waleck: is ¥kert from burbling up So an argle
apnreclably buyond the aornal stall. Tho 11ft l1le thus
maintained for an arnpreciabls rangs of angles above the
noruel stall argle., In pddiltior, *he slat 1%tsclf contrib-
utos e 1iit that adds to th: 1ift of the realn wing., The
to0tnrl effect 18 gan inecreasod wnaxinum 11ft, as well as an
increased angle of attack for reximuum 1ift. Above the
nor:al stall cngle of the 2irfoll wlithout tihe slat, the
11ft increasea rethoer slowly for the alrioll-slat combili=
nation, Thilis conditlion nroduces a flatterlng of tho 1ift
enrvo eand tho slow response of the rirminio ae” sorve as
a warning to the pliot that tne stall 1s belnx apvroacihed,

Tho NACA has conducted several investigations of oxw
tunslble loading-occdgo elnats and of {ilxod loadlirng-olge
slots. Tke offoet of a Eanllzsy Pazec slnt on a plaian
8lorx Y wing is zivea in reforonco 1, The sano slat aad
wing combination was tosted (roforoneco 2) in the proscace
of o Fowler flape. Drnta aro nlso includod 1a roforonecso 2
on a modificntion of the slat. Rofoursaec 3 includos vaie-
uablo aslr<lond dat~ that iy bo usod in tho astructural -
dosign of a loadlas-odlgo slrt and 1%ts nosoccinted cirfoil,
Tho rosults of tosts of lcadling-odgo slots for both Clark
Y nrd HACA 23012 airfolle with and without flape aro in-
cluded 1n rafcroeacos 4 ancd 5,

Tho progsort invostigatlion oxtcnéds tho tosts of tho
provlious roferconcos to an Halh 23012 alrfoll ocguloped
successivcly with split and siottod flaps. The data for
tho alrloil-ilap comblnations rlone arv glvon 1a rofer-
cace 6.

1I0D3L

Plain nirfoll .-~ The basie, or rlain; airfoil bked a
chord of 3 fout nnd o suen of 7 feuot. It was dullt to tho
HaCa 35012 profllo, tho ordinatos of which arc givon in
roforonco 6,
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Flaps.~ A slottod and a aplit flap woro tosted. Tho

"slottod flap hed -n—~chord of 235.66--porcont of tho airfoll

chord, wns doslgnntod 2~h in roforonco 6, and was fastened
to the meln alrfoll as indlicated in that reference. The
ordinates for the mlotted flap are given in figure 1. The
gapllt flap hed a chord of 20 percent of the ajirfoill chord
and was mnade of Z-inch plywood. Tor teste with the split
flap, the slotted flap wae locked in 1ts neutrael posltion,
the gaps at the flap-slot entry and exit were sealed with
Plasticene, and the eplit flap was fastened to the airfoll
by neans of wood blocks that gave the desired flap deflec-
tions.

Slagt .- Yhe slat, which 1as shown extended in figure 2,
was nacliined fromn an aluulinum alloy to the ordinstes sup-
plied by dHeandley Page, Ltd., of England. These ordinatos
are glven 1n flgure 1. The slat was nads 1an two pleces,
thn division telng In the coenter, spanwlese, o? the slat,.
Threc soecld flttings were attached t5 the alrfoll, ard
tho nosa of the slat (hereinafter refarred to as tha "slat
roferonco polnt") mnivoted on these fititings in such s nan-
nor that tko reforcence p»olnt could bo locatod througk a
wido range of positlons, Tho trailing edge of the slat
was 20ld et fivo polnts along tho spar by fittings 4that
also servcd to sot tho slat gnap.

Tho ::osc of tho baslc alirfoll was nodificd as indi-
catod 1n figuro 1, tc accommodato tlec slat. 1With the slat
fully roetractoé, tho sirfoll slhave was tihat of tho NACA
25012 alrfoll, A4 esmell rorkizg cloaranco botwcon tho slat
and tto alrfoll was allowecd, %thc slat flttlng against tho
alrfoll only at the roforcnco point and at tho slat trail-
Ing odgo In tho rotractod positioa.

TESTS

The model was mountcd vertically in the test sectlon
of the NiOA closed-throat 7- by 1l0~foot wind tunnel so
that 1t completely spanned the Jjet except for small clear-
ances at each end (reference 6), The main airfoll was
rigidly attached to the balance frame by torque tubes which
extended through the upper and the lower boundaries of the
tunnel, The angle of attack of the model was set from oute
side the tunnel by rotating tha torque tubos with a cali-
brated drive., Approximatoly two-dimenslonal flow 18 ob-
tained with this type of test installation and the section



ciraracteristlice of thce modol undoer toset cen bo determined,

All tosts woro mado at a dynanmic prossuro of 16.37
pounds por squaro foot, corrosnonding to a volecity of
about 80 miles por hour uador stendarc a%mospiaoric condle-
tione and to a tost Reynolds numbor of about 2,120,000,
Becauso of tunnel Sturtulonco, tro offcocctive Rornolde nuil=
bor was 3,500,000 basod on a wirg chord (slzt rotractcd)
of 3 foct nnd or a turbulonco Ffactor of 1,6, The 11f%,
drage and nltehing-momont cooffleieats worec measurod in
all tcets from an angle of attack of -6° to tle stall,

Tho vosltion of tho slat referonce point ras variod,
systomatically, until tho location for msximunm 11f% cocf-
ficiocnt vas dotorminnd for the plaln girfoil, for tiue alr-
foll uvitz the s3llt flap deflected 60 .oand for the air-
foll with the siottel flap deflected 40, The slat gep
was nalntalnred at 2 perceant of the airfoll ckord, the op-
tinun gav from previous iInvestigations. Suificlent data
were octalined to plot coatours of the slat~reference-
polnrt positlon for wvarlous 1ift coefficlents,

For ti.e slotted ard oplit flaps the irntermedliate flap
angles were run wlth the refereonce-poini location at the
location for maximun 21ft for tro flop fulily deilected.

In these tests tle slottad flapd was locatcd at tie optimum
vositlor for each deflection as lndiceted by referencc 6,
Thesze posltlons are 2lso glven ir flgure 7 of the present
report. TFor all tosts of the slotted flav at zoro doflecw-
tion, the gops betweon the flap and the alrfoll wero sealed,

In ordor to chock tao slat-gap settliaz of 2 percent
of tie airfoilil chord ace tre optinum for maximum 1li1ft coof-
ficiont, tests voro maée with li-porcont and 24-porcont
slat gaps, tho slat-roferonco-point locationr being varilod
to obtain meximum 1ift, Although lnsufficiont data woro
obtaincd %o allow tio plotting of contcurs, tho maxinounm
11ft coofficient with li—porcont and 2%—porcont slat gaps

was falrly woll dotorminod.
RESULTS

Coofflelonts.~ The tost rosults aro given in standard
NACA nendimcnsioral soction-coofficiont form, correctod as
oxplaincd in roforoncc 63 '
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ey : sectlon 1ift coofficiont (1/qc)

Cd, section profile-drag coefficlent (do/ac)

Cm section pitcaing-moment coefflcient about
(a.cadp aerodyramlc center of plain sirfoll

(Caenry 55°)

where
1 section 1lift
do sectlon proflle drag
m(a.c.)o section pltchingrmoment About nerodynanle
center of »plala airfoll
qQ dyneulc pressure (g p 7°)
c chord of basic airfoil
and
Gy angle ol ottaclt for 1nfinlte aspect retlo, degree
5¢ flap deflectlon nmeasured fronm flap aneutrnl posle

tlon, degree

Precisionr.~ The accurncy of tho test results 1ls be-
lieved to lie within tho Zimlits 1ndiceted ir She followlng
table:

o
Go s o * e = . o =0.1 cdo at cz = 1.0 . - s e :':0.0006
cy =0.03 cqg at ¢y = 2.5 . . . 0,002
nax o .
o
c [ ] [ ] [ ] iotoos 8 [ ] [ ) ) L] L) o ] . e L L] io 2
B(a.ce)q £ , °
ca « e o » *0.,00005 Flap and slat positions =0.,00lc
Onmin

lio correctiors have boen avplied for the effect of the
slat filttings, It 15 belleved that this effect 1is snall
and 1s tl0 sane for all tosts, and thot the relative velues
of the tests should be unaoffected.



DISCUSSION

Effoct of slot locatior on section naximun 1ift coefs
ficlent.- Contours of slat-refcrence-volnt locatlion Tor

c;ja" are glven 1in figure 3 for a slat gap of 0.,02¢, It

may be sven that the presence or absence of tae flan has
little eflfect on tho cptinun locatiorn of the reference
roint for nraxl:mmr 1lift, TLe location of thls Dolnt 1s at
e slat widcth of G,09c end & slat deptk Dotwecn =0,05¢ and
~0,06c., Tl.o lncreament 1ia maxirur 117t coefflcient due to
tha slat Aclja is 0,52 for %»e wmlain nlrfoll, 0.27 for

tho rlotScd flap dsflected 40°, and 0,24 For %he split flap
deflcected 60° 0n all contour drawlings the fizure si:own

at thoe nogso of tke alirfoll 1tself 1s the value for tho alr-
foll vi1th tke slat Zfully rotracted,

It angears trat a lepoercent varlestion in wildth or
depth, froz the optvlaun locatlior, riakes a chazxgc of about

14 pcrcent in ¢y = Variatior in width, hLowover, 1g noro
na

critical, or tlhiec avsrcge, than variatica 1ian denti,

Z2ffoct of slnt location on engle of attack for maxl-
nun 11ft coefficlent.-~ Contoure of slgt~referonce~polnt lo-
casion for a, for raximum 1ift coefficlent, wlth a slat

cap of 0.,02c, are prnsentnf in Tigure 4. TLke locatlon for
greatost angle of atinck Tor maxlimun 11ft coefrflcoent 1s
apvirozimately tlhe saue as the locatlon for greavest naxle
wun L1ift coefflclent. The raxinum increneunt of angle of
ettack duc to the slnt Aa, at 13 epproximately

c

Vanx
9° ¢or tho pla*n airieil, 15° Tor tho slotted flap deflect-
ed 40°, and 14° For %he sn*it flep deflected 60"

Sffsct of slat locatlior on section »nroflle-—drag coef-
ficlert .-~ Contours or the slat-referexzce-msint locatlon

for c¢j at variouc 1lift coefficlsn%s are shown in flgure

a
)
5. Tlicse contours na; prove useful in ths selectlon or

deternmination of £llde angle, wilch 1s deflred as the
tan™* %. The dragc cnefficlent gcnerally decreases with

elat cxtenslon upwar® and Torward, and the drag coefflclent
l1s ampreclably groator with the slat cxtonded thanrn with
the alet retranctod at the same Cy-
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Effect of slat locatioen won section pitching-moment
coefficient.~ Contours of the slat-reference-voint -location

for Cm(' ) at various 1ift coefficients are shown in
Q.Co
o

figure 6. The slat has a positive pitching-moment effect,
tending to decrease the negative pitching-moment coeffi-
cient of the airfoil-flap combinatien, The effect becomes
greater as the slat is moved farther forwerd and upward,

Aerodynamic gection chakacteristics of airfopil-flap-
slat combination.~ The effect of flap deflection on the

aerodynanic section characteristics of the airfoil-~slat-
flap combination with the slewted flap is indicated in
Tigure 7. 1t nay be seen that, zbeve the angle of stall
of the plain airfoil (about 15 ), the Lift increases less
rapidly withk change in angle -of agtack. The final stall
occurs at approximately 24 er 25 . The break in the 1ift
curves at 15  is accompanicd by a large increasec in drag
cocfrficient for angles of atbtack greater than 15°. Above
& 1lift coefficient of agbout 2,0, thec negative pitching-
nonent coefficicont decreascs with increasing 1ift cocffi-
cient, which correswmonds to a forward movenecnt of tho
cecnter of pressurc . of-the asirfoil, .

Phe acrodynamic scciion characteristics of the air-
foil vith the siat and the split flap at various derflce-
tions ¢re showa in figurc 8 for two slat positions. In
Tigurce 8(a) -the slat refercnce point is located at a depth
of -0,C6c ord in figurec 8(bd), at a depth of ~0,04c. 1In
both parts of Figure 8 the slkat width is 0,09c, and the
gap 0.,02c. The drag cocfficient of-the airfoeil with. the
split flap is higher than that of the airfoil with the
slotted flap for similar corditionsg, but the -pistching-
nonexnt cocfficiont is consideradly lower. The angle of

sttack for cy incrcascs slightly with incrcasing flap
mnax :

deflcction,

L conparison of thé split and the slotted flaps ot
naxinun doeflcction is shown in the following table:

Flap | - '6f- ' Slat depth - . CL

. (deg) . {perceat c¢) nax
‘Split 60 ' ~0.086 2.78
Split .60 . ~.04 . . 2.68
Slottcd 40 -.06 3,05




Comparlson of varjous nirfoll-flapeslat combinationg.w
4 diroct comparison of tho slottod and tho split flap
charactoristice with thoso of the plain alrfoll with tho
slat ir two locations 1s mado in figuro 9., Tho curvos Tor
tho Pleln airfoll show thnt tho ocffoct on thc aorodynamic
characteristics, due to n slight verintion 1n denth of the
slat reference polnt, 18 negligible.

Trke galn in maximunm section 1lift coeffliclent over the
maxiaur 11ft coefficlent of the plain alrfoll, due to the
addition of the slat and to the deflection of either flap,
is shown in figure 10, The slat aloneondds en increment
of 11ft coefflclent of 0,52 at 87 = O and of adbout 0,26

1t1 .
at sfnax for elther flap

A plot showing the chernge 1in angle of st tack for
c‘max at varlous flap deflections for the nlirfoll with

and without the Handley Prnge selat is given in figure 1ll,
The curves 1n figure 11 show tiheat flap deflection with the
slnt retrncted decremses the nngle of attrck for c‘max

fron thnt of the bnslc nirfoll, whorens flap deflection
witlh the slat oxtended slightly lncrensos the n~ngle of at-
tack for e .

nax

4 compnrison of the drag characteristics of both

flaps, wlth and without the slat extended, 1's prescnted in
flzure 12, The minimum drag coefficlent with the slat exw
tonded 1s about three times that with the slat retracted,
At take-off 1i1ft coefficlents (c;, approximately 1.5), the
drag 1s slightly higher with the slat extended than with
the slat retracted., Above the maximun lift of the alrfoile
flap combinetion with the slat retracted, the extenslon of
the slat causes a large increase in the ratio D/L. 1In
flight thls lncrease would be equivalent to a steepening

of the glide angle (tan~' D/L).

Figvure 13 sumnarizes the important characteristics of
figures 5 to 12, DBecause the increased angle~of-attack
range ls probably the most important advantage gained
through the use of the slat and because it is the varlabdle
directly under the pilet's control, the characteristics are
plotted with respect to angle of attack, From the pllot's
viewpolnt, the flattenlng of the 11ft curve 1s advantageous
as a warning of an appronchinz stall whlch would probadly
be accompanled dy & marked vibration throughout the alr-
plane, The decrease 1n negative pltchlngemoment coeffl-
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clont with 1ncrease 1n angle of attack 1s desirable because
tho.clovator defloctions required for landlng may bo re-—
duced, It should bo noted, howevor, that there 1s almost
no reductlion in pitohing-—moment coefficiont in the loweor
11ft range, The use of a slat wlll not, therefore, allow

a decrease 1n tall area because the tall sige wlill be de-
termined primarlly by the maximum wing pitchling moment to
be balanced at the design high speed with the flap deflect-
ed and the slat extended. The increased angle-of-attack
range makes the use of the slat desirable over the alleron
portlon of tho wing in order to improve the lateral stablil-
ity and control at angles of attack near or above the sirll
of tke basic wing.

Effect of glat gap.- Tho offect of slat gap ls shown
in flguro 14 Tor tho alrfoll with the slotted flap deflocte
ed 40" . Vith o smaller gZap, the ontimum posltion of the

slet reference point for c‘max noved forward and down=
ward; however, a comparison of characteristics at the bvest

locatlons for 1] shows no anvreclable effect wlth
nax
small changes in slat zap.

CONCLUSIONS

l. The Eerndley Page slat extended the angle-of-attack
range about 9° for the nlain alrfoll ané adout 14° with op=—~
tluum deflectlion of elther slottad or split flap.

2, The maximum sectlion 1l1ft coefficlent of the plaln
alrfoll wee incrensed 0,52 by use of the slat, and the
nazinum 11ft cocefficlisat of the airfoll with eithor flap
at optinum flap doflectilon was increased about 0.26 by the

use of the 3lat. The high drag assoclated wilth the lncreased

11i't should allow n steeper glide angle.

3. The extonsion of the slat decroeasod the nogative
pPltching momonts nt hizh 1ift coofflclents with flaps de-
flcetod but hed littleo effect 1n decreamasing pltching mo=-
ments nt moderate 1lift coefificlents,

National Advisory Committese for Aeronanutics,
Langley liemorianl Asronautical Laboratory,
Langley Field, Va,
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